The localization of calmodulin in guinea pig testis and spermatozoa was determined by both immunoperoxidase labeling and immunocolloidal-gold methods on the electron microscopic level.
RESULTS

Light microscopic observations of anti-calmodulin immunoreactive sites:
The frozen sections of guinea pig testis fixed with PLP solution were stained with immunoperoxidase labeling. The anti-calmodulin immunoreactive sites were clearly observed in the cytoplasm of spermatocytes and spermatids (Fig. 1A) . The reaction deposits were also seen in the nuclei of spermatids (shown by the thin arrows in Fig. 1A ). The acrosome cap were not stained (indicated by the thick arrows in Fig. 1A) . Calmodulin was hardly recognized in the cytoplasm of spematogonia and in the nuclei of both spermatogonia and spermatocytes.
In intact spermatozoa, the anti-calmodulin immunoreactive sites were observed in the head cap and in the tail (Figs. 2A, C) . In the sperm that had undergone the acrosome reaction, the fluorescence in the anterior part of the head disappeared, but remained in the tail (Fig. 2D ).
Immunoelectron microscopic localization of calmodulin:
At the beginning of spermiogenesis, several granules (proacrosomal granules) are formed within small vesicles of the Golgi apparatus. These vesicles and the granules within Golgi apparatus coalesce to form a single large vesicle and granule (acrosome), and the membrane of vesicle adheres to the nuclear envelope. The Golgi apparatus remains closely associated with the surface of the acrosomal vesicles. At this stage, the calmodulin-immunoreactive sites were scattered all over the cytoplasm (Fig. 3A) . Calmodulin was absent in acrosome vesicle and Golgi complex. Calmodulin-immunoreactive sites were not observed in the nuclei of spermatocytes (Fig. 1A) , but recognized in the nucleus of spermatid at this stage.
In a more advanced stage of spermiogenesis, the limiting membrane of the acrosomal vesicle increases into the area of adherence to the nuclear envelope, and forms a head cap. Simultaneously, a condensation of the nucleoplasm and an elongation of spermatid occur. In this (or a later) stage, the calmodulin-immunoreactive sites in the neck portion and head cap region are shown in Figs. 4A Gold particles were clearly observed along the cytoplasmic surface of the plasma membrane in both perinuclear and neck portions (Fig. 4A) . Furthermore, the anti-calmodulin immunoreactive sites were diffusely recognized in the cytoplasm and slightly seen near the connecting piece and inside the dense fiber. However, gold particles were hardly seen in the paracentriolar body and on both the basal plate and the dense fiber. In the head cap portion (Fig. 4C) , the calmodulin-immunoreactive sites were clearly recognized in the space between the nuclear envelope and inner acrosomal membrane. Gold particles were also slightly observed in the space between the plasma membrane and the outer acrosomal membrane.
In the anterior portion of mature spermatozoon, the calmodulin-immunoreactive sites were clearly recognized along the cytoplasmic surface of plasma membrane (Fig. 5A) .
By immunoperoxidase labeling, the reaction deposits were also observed along the plasma membrane (Fig. 6A) . In the tail section at the principal pieces, the immunoreactive sites were localized between the outer dense fibers and axial filaments, and in the outside of the fibrous sheath (Figs. 5B, 6C ). Because the plasma membrane in these figures was obscure, it was not possible to judge whether the immunoreactive sites in the outside of the fibrous sheath were linked to the cytoplasmic surface of plasma membrane or not.
DISCUSSION
Lowicryl KM-4 resin was recently introduced as a low temperature embedding medium particularly well suited for applications in immunoelectron microscopy (1, 2) . It has been reported previously (30) that the anti-calmodulin immunoreactive sites could be shown on the ultrathin sections embedded in Lowicryl KM-4 resin. In this study, the anti-calmodulin immunoreactive sites in guinea pig testis and spermatozoa recognized using the "post-embedding staining method" were in good accord with the sites observed by the immunoperoxidase labeling technique. Furthermore, the labeling sites of "post-embedding staining method" were clearly recognized, though the reaction deposits of immunoperoxidase labeling were relatively diffused. Therefore, the former method seems to be better for immunoelectron microscopic localization on calmodulin than the immunoperoxidase labeling.
The anti-calmodulin immunoreactive sites were recognized in the cytoplasm around acrosomal vesicles (Fig. 4A) somal vesicles and Golgi complex. With the elongation of spermatids, the cytoplasm between outer acrosomal and plasma membranes become smaller. Therefore, it is difficult to judge whether the anti-calmodulin immunoreactive sites in the anterior part of mature spermatozoa (Fig. 6A) are linked to the plasma membrane or located in the narrow cytoplasm. From the results obtained in this study, however, it my be that calmodulin is located in the cytoplasm between the outer acrosomal and plasma membranes, and in response to the calcium influx associated with acrosome reaction, calcium might bind to calmodulin and a portion of the calcium-calmodulin complex could then associate with the components of either the plasma or outer acrosomal membrane. It was shown that the calmodulin antagonist W-7 inhibited the acrosome reaction of sea urchin spermatozoa induced by egg jelly solution (21) . Moreover, in preliminary experiments (31), the calmodulin antagonist W-7 inhibited considerably the acrosome reaction of capacitated guinea pig spermatozoa triggered by adding calcium ion. These results may support the hypothesis described above. The anti-calmodulin immunoreactive sites are clearly recognizable along the axial filaments (Figs. 5, 6 ). Ohnishi et al. (19) showed that ciliary calmodulin in Tetrahymena was localized along the longitudinal axis of outer-doublet microtubules. Kumagai et al. (12) reported that Tetrahymena calmodulin bound to an affinity column of tubulin-sepharose 4B. However, they used porcine brain tubulin with microtubule-associated proteins (MAPs) to prepare their affinity column, so that it is not known whether calmodulin interacts with tubulin or MAPs. By the biochemical method, Sobue et al. (22) showed that calmodulin bound to tau factor, which was one component of MAPs. On the other hand, Blum et al. (3) reported that Tetrahymena calmodulin markedly stimulated dynein ATPase in the presence of calcium ion. The biological significance of specific localization of calmodulin near axial filaments in the tail remains to be elucidated, but the evidence described here may be useful in future for explaining how calmodulin in involved in tail movement.
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